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Complementary ONA spanning the antire genome of the attenuated rabies virus strain SAD B 19 which is used for 
oral immunization of foxes in Europe was cloned and sequenCed. The viral genome camprises 11,928 nucleotides and 
encodes the fwe viral proteins N, NS. M, G, and l. Deduced protein sequences are highly similat 10 those of the 
pathogenic PV sUein, homologies rangirlg from 90.6% for the M 10 98.6% for the l protein. The five cistrons are 
ooparated by intergenie regions of 2, 5, 5, end 24 nucleotides, respectively. The G trenscrlption stop/po/yadenyletion 
con98nsus signal in SAO B 19 is destroyed by adeletion 01 three A residues. The strong conservetion of both noncoding 
end coding nucleotide secwences indicates a high selective pressure on the primary structure of rabies virus genomic 
RNA. CI 1990Academic PtIlS$, lne. 
INTRODUCTION 
The neuropathogenic rabies virus is propagated in 
Europe mainly by foxes. Since 1983 a successful field 
tria l has been performed wilh Ihe SAD B 19 rabies virus 
vaccine strain, which immunizes foxes after ora l appli-
eation. No ease of rabies has yet been reported whieh 
was caused by this vaccine strain . Safety and effieacy 
of the SAD B 19 live vacc ine have led 10 a drastic de-
crease of rabies eases and eradication of wildl ife ra-
bies. at least in parts of Europe, appears realistic 
(Schneider and Cox, 1983; Schneider er 81. , 1988). 
The SAD 81 9 slrain originated from astreet virus 
(SAD, Street Alabama Dufferin) isolated trom a rabid 
dog end was at1enuated by multiple passages in 
different cell types. In contrast 10 the closely related 
Evelyn- Rokitnicky- Abelseth (ERA) slra in, wh ich origi-
nated trom Ihe same isolate but differs in eell eu lture 
history and which has retained a residual pathogenic-
ity, it is nonpathogenic tor a wide range of animal spe-
eies w hen administered orally or inlramuscularly. 
Relatively little is known on the molecular biology of 
rabies virus. especially replication, transcription. and 
putative recombination . Until recently only nucleotide 
sequenees 01 the glycoproteins of some laboratory vi-
rus strains and short stretches of the 3'-end of the RNA 
genome were available (Anilionis et s/., 1981; Kurilla er 
sI., 1984; Yelverton et al. , 1983; Rayssiguier e1 al., 
1986). The first complete nucleotide sequence of a ra-
bies virus genome, the highly pathogenic strain PV, 
was published recently [rordo et sI., 1988). 
SeQuence dala from lhis article have been depOSlled with the 
EMBUGenBank Oata Ubraries under Accession No. M31 046. 
, To whom requests Jor reprints shoold be addressed. 
Rabies virus is a member of the family Rhabdoviri-
dae, genus Lysssvirus, which possess a negative-
stranded RNA genome of about 12 k:b. The genome 
is organized similar to that of the better characterized 
vesicular stomatitis virus, genus Vesiculovirus. and en-
codes five major prote;ns (Goslett e1 al., 1980; Hollo-
way and Obijeski , 1980). As in the vesiculoviruses the 
N, NS, and L proteins tagether with the genomic RNA 
form a nueleocapsid which is enveloped by a mem-
brane containing the transmembrane glycoprotein G. 
whose spikes are mainly responsible tor the antigenie-
ity of the virus. The M protein js located at the inner 
side of the membrane, providing a connection between 
the nucleocapsid and the cyloplasmic domain of the 
glycoprotein (Cox el 81., 1981). The amino acid se-
quences of the isofunctional VSV and rabies virus pro-
teins, however, are highly dissimilar and only the nu-
cleoproteins N and the polymerases L display low. seg-
mented homology. The existence of a pseudogene 
region (i') between the G and L c istrons and the hetero-
geneity of the intergenie regions in rabies virus has fur-
ther distinguished rabies virus and VSV [rordo er 81. , 
1986b, 1988). 
The knowledge of nuc leotide and prote;n seQuences 
of rabies viruses may lead to an understanding of the 
biological differences between Lyssa- and Vesiculovi-
ruses. In addition, comparison of highly pathogenic ra-
bies virus strains lik:e PV with attenuated strains can 
provide insight into pathogenicity mechanisms of this 
important disease. In order to chareeterize the rabies 
virus vaccine strain SAD B 19 on a molecular basis we 
undertook molecular cloning and sequencing of its 
RNA genome and eompared it to that of the pathogenic 
rabies virus strain PV. 
MATERIALS AND METHODS 
Celts and virus 
BHK-21 cells (clone BSR) were infected at an m.a.i. 
of 0.1. After 30 min adsorption at room temperature, 
cells were washed twice and incubated at 3r in Ea-
91e'$ medium supplemented with 0.3% BSA in a 5% 
CO2 atmosphere. Virus was purified as described (Wik-
.or er 0/., '1971). 
Oligonucleotides 
Deoxyoligonucleotides were synthesized on a ~io­
seareh 8700 DNA Syn'hesizer and punfied by dena.unng 
polyacrylamide electrophoresis. The oligonucleotides 
used in this study are 01 • 8 (S'-pdTTTAGCGACCGTI-
CGATC-3'); . 01 17 (Fig, 2, pesition t49; S'-pdGAG-
TACAAGTACCCTGCC-3'); 01 • 9 (Fig. 2, position 
11 723; S'-dCATAGGTACAACAGGTG-3'); and 01 40 
(S' -pdGATCGATCGAA TICATATGCGCGA TCGAACG-
GTCGCTAAA-3'). 
5' Labeling of oligonucleotides 
Labeling was carried out with 50 09 of oligonudeo-
lides in 30 . 1 of 70 mM Tns, pH 7.6, tO mM MgCI" 5 
mM DTI, 4 U T4 PNK, and 50 . Ci [y-" PIATP (3000 
Cilmmol; Amersham). Hybridization to Northern filters 
was periormed at 45° tor 14 hr in 1 M NaCI, 0.1 MTris. 
20 mM sodium phosphate, 1 .M EDTA, 0.5% SDS, 
lOX Oenhardt's solution, and 50 J'g of tRNA per millili-
ter. The filters were washed three times at 45° in 5X 
SSC, 0.1 % SOS for 20 min eaeh, and expesed to Kodak 
X-Ornat AR fi lms at -70° with an intensifying screen 
(Agfa Curix MR 800). 
Oligonucleotide-RNA ligat ion 
Forty nanograms of the synthetic oligonucleotide 01 
40 were ligated {o 4 " 9 of genomic RNA with 150 n9 of 
T4-RNA ligase (Phanmaeia) in 30% PEG, SO mM Tns-
HCI, pH 7.8, 5 mM MgCI" 0.5 mM ATP, 10 mM ß-
mercaptoethano! for 2 hr at 20° in a volume of 10 ,...1. 
Molecular cloning 
Genomic RNAwas isolated according to Chirgwin er 
al. (1979) and checked for integrity by denaturing aga-
rose gel electrophoresis (McMaster and Carmichael, 
1977). cDNA synthesis was performed as described by 
Gubler and Hofmann (1983) using the synthetic primer 
01 17. cD NA molecules larger than 3 kb were isolated 
by preparative agarose gel electraphoresis, ligated 
with synthetic EcoRI adaptors (Pharmacia) and cloned 
in .\gtl 0 phages (Promega). SAD 8 19-specific clones 
were identified by Northern hybridization with total RNA 
of rabies-infected cells. 
cDNA containing the 3' end of the genomic RNAwas 
made after li9at;on of 01 40 to the 3' end of genomic 
RNA by priming with 011 a and cloned in AlAP 11 phages 
(Stratagene). 
Sequence determination and analysis 
Subclones of positive .\gt10 inserts in pEMBL18 
and -19 phagemid!:> (Dente et al., 1983)were subjected 
to unidirectional deletion using exonuclease 1II and S 1-
nuctease according Lo Herlnikoff (1984). 80th strands 
of deletion clones were sequenced after isolation of 
single-stranded DNA uy tlle chClin tennination method 
(Sanger et a/., 1977) using TI-DNA polymerase. 
pBluescript plasmids were excised fram XZAP 11 
phages in vivo according to the supplier's instructions 
and were sequenced by double strand plasmid se-
quencing according to Zhang er a/. (1988). The last 30 
nucleotides at the 5' end of the genome were deter-
mined by sequencing purified genomic RNA using the 
synthetic primer 01 19 which was deduced from the se-
quence obtained from the deletion clones (Zimmern 
and Kaesberg, 1978). 
Computer analysis of the nucleotide and peptide se-
quences was performed using the UWGCG software 
(Devereux er al. , 1984) on a Micra VAX 11 (Digital). 
RESULTS AND OISCUSSION 
Molecular cloning and sequence determination of 
the SAO B 19 genome 
For the preparation of a cD NA primer a sequence 
stretch of the PV N gene was chosen which is identical 
to the sequence of challenge virus strain (CVS) and 
shows a high homology to the corresponding region of 
Ihe VSV N gene (Tordo er 8/ .. 1986a; Kunlla er 0/., 1984; 
see also Fig. 2, position 14910 166). The ability of Ihe 
oligonucleotide 01 17 to prime cDNA synthesis of the 
SAD B t 9 genome was eonfirmed by 5' labeling and 
Northern hybridization to SAD B 19 genomic RNA. 
About 80% ofthe obtained Xgt l 0 eDNA clones proved 
to be specific for SAD B 19 by hybridizatlon to total RNA 
of infected cells. The other clones are likely to result 
from residual cellutar RNA present in the RNA prepara-
lions, mainly ribosomal RNAs. Besides the correctly 
primed clones we found a considerable amount of SAD 
B 19-specific clones that obviously resulted fram either 
random priming of oligonucleotides cr selfpriming of 
the genomic RNA. The loeation of positive clones used 
for further analyses is shown in Fig. 1. 
In order to clone the 3' extremity of the genome the 
synthetic oligonucleotide 01 40 was ligated to the 3' end 
of the genomic RNA. cDNA synthesis was primed by 
oligonucleotide 01 18 wh ich is complementary to the 
extreme 3' end of 01 40. The resulting cDNA was cut 
with EcoRI (the first site is provided by the seQuence of 
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the 40-mer-nucleotide, the seeond is the only EcoRI 
site of the SAD B 19 genomic sequence, located 1.1 kb 
from the 3' end) and cloned in XZAP 11 phages. Clones 
with inserts representing the 3' end 01 the SAD B 19 
genome were identified by hybridization with a 200-
base EcoRl/Sphl fragment 01 clone pSAD 24. In Fig. 1 
the cloning and sequencing strategies are summarized 
and the loeation of the oligonucleotide primers used lor 
priming eDNA synthesis and genomie RNA seQuene-
ing are shown. 
Nucleotide and deduced amino acid 
sequence analysis 
We have determined the nueleotide sequence 01 the 
entire SAD B 1 9 genome (Fig. 2) except for the very last 
nucleotide at the 5' end, which cannot be analyzed by 
the enzymatic sequeneing protoco!. The SAD B 19 ge-
nome eomprises 11,928 nucleotides, and is thus 4 nu-
cleotides shorter than the genome of the PV strain 
(Tordo et al., 1986a,b, 1988). With respect to the PV 
genome one A residue and a block of three A residues 
are deleted in the 3' noncoding regions of the M and G 
genes, respectively (Fig. 2) . 
1. Open reading (rarnes. The genome organization 
of SAD 819 is identical to that of the PV strain. Five 
major open reading trames (ORFs) encode the viral N, 
NS, M, G, and L proteins. As in the PV genome an add i-
tional ORF within the coding region of the NS gene is 
found both in SAD B 19 and ERA (unpublished resuhs) 
which could encode a protein of 102 amino acids 
length (Fig. 1). The NS gene sequenees of all vesiculo-
viruses also possess a second open reading frame 
which could encode proteins of 65 or 67 amino acids 
(Lazzarini, c ited in Banerjee. 1987). Actually the phos-
phoprotein genes of VSV and different paramyxovi-
ruses, which are more distantly related to rhabdovi-
ruses, eneode additional polypeptides (Giorgi et al., 
1983; Bellin. er 81., 1985; Barrett er al., 1985; Luk er al .• 
1986: Herman, 1987). No evidenee for expression of 
the seeond NS ORF by SAD B t 9 er ERA was found up 
to now. In the pseudogene region. supposed to repre~ 
sent a remnant gene (Tordo et al. , 19R6h), the SAD B 19 
possesses similar to PV enly short ORFs, capable of 
encoding 17 :'Ind 1 R amino :'Ir:idR;, reSpP.ctively. The 
negative strand RNA 01 SAD B 19 shows five ORFs with 
a coding capaeity of more than 100 amino acids (not 
shown). No evidence for the expression of these ORFs 
has been found. 
2. Coding regions and proteins: (a) N gene. The nu~ 
cleoprotein gene of SAD 819 encodes 450 amino 
acids. The dedueed amino acid sequence differs in four 
residues from that of the PV stra,n (99.1 % homology). 
Three of the substitutions are loeated in the amino ter-
minal moiety of the protein and one in the carboxy ter-
minal region. The recently corrected version of the ERA 
N Protein (Ertl et 8 1., 1989) contains two different amino 
acids eompared to the SAD 819 sequence (99.6% ho-
mology). None of the PV or ERA substitutions is located 
within the four particularly conserved regions found 
when PV and VSV Indiana N protein sequences are 
compared (Tordo et a/., 1986a). One of these regions 
(aa 225 to 247) overlaps with a stretch of 34 aa which 
ls conserved among vesiculoviral N and paramyxoviral 
NP proteins. Another region which is highty conserved 
in vesiculoviruses shows 16 identical amino acids out 
of 31 (Masters and Banerjee, 1987). The correspond-
ing region too is identical in the PV and SAD 819 pro-
teins. The putative casein-type phosphorylation site 
(Ser, 389) (Dietzschold et al., 1987) is also not affected. 
As in other rhabdoviral N proteins the carboxy terminus 
contains a large number of highly charged basic amino 
acids and may represent the RNA binding site of the 
protein (Gilmore and Leong, 1988). One or both of the 
above-described conserved sequenee stretches might 
also be involved in RNA binding. 
(bi NS gene. The amino acid sequences of the SAD 
B 19 and PV phosphoproteins are weil conseNed and 
show 97.3% homology. Considering only nonconser-
vative amino acid replacements the homology in-
creases to 99.3%. Especially the highly hydrophilie re-
gions of the protein are conseNed. There is no amino 
acid replacement in the large central hydrophilic region 
of the protein (aa 139 to 170) or the shorter hydrophilie 
stretehes in the amino terminal third of the protein. The 
amino acid replaeement at position 177 substitutes a 
potential phosphate accepter Thr. In contrast to the 
vesiculovi ral NS proteins where the highest degree of 
hydrophilicity and most of the phosphate residues are 
found in the amino terminal part of the protein (Masters 
and Banerjee, 1987; Gill and Sanerjee, 1985; Bell and 
Prevee, 1985), the most hydrophilie region in rabies vi-
rus NS is in the center 01 the protein. 
When the five viral proteins of VSV serotypes (New 
Jersey, Indiana) and Chandipura virus are compared. 
the NS protein shows the lowest degrae of homOI-
ogy (minimum 21%: Masters and Banerjee, 1987), 
FIG. 2. Total genomic sequence (hne 2) end translation products (Iine 1) 01 SAD 619 compated 10 Ihose ot the PV Slrain (lines 3 end 4, 
respectively). In Ihe PV sequences only deviations tram SAD B 19 are shown. Arrows indicate transcription start and stop signals. Numbers 
above the seQuences correspond to $AD B 19 nucieotides, numbers at lhe right side 10 amino acids. The PV genome possesses 4 additional 
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FIG. 2-Conrinued 
whereas the rabies NS protein is mueh more eon-
served than the M protein (see below). Similar to vesic-
uloviruses, paramyxoviruses exhibit also a largerevolu-
tionary divergenee between the phosphoproteins than 
between the matrix proteins (Bellini er 81. , 1986). It re-
mains to be determined whether the results of the com-
parison of NS and M proteins from rabies virus strains 
SAD B 19 and PV apply to the whole Lyssavirus genus. 
(c) M gene. The M gene shows 19 amino acid re-
placements out of 202 eompared to the PV sequenee 
(90.6% homology) and is thus the most variable rabies 
vi rus-encoded protein. The basic features found in the 
PV M protein, i.e., hydrophilie regions at the amino and 
earboxy terminal regions and a hydrophobie putative 
membrane bound region in the center of the protein , 
are conserved in SAD 819. 
A relatively low homology of 96% (eight replaee-
ments) is also found between the SAD 819 and the 
closety retated ERA strain M proteins (Rayssiguier er 
81., 1986) and compared to the other known ERA pro-
teins the M also displays the highest variability. 
It has been shown fortemperature-sensitive mutants 
of a paramyxovirus. Newcastle disease virus, that mu-
tations in the M gene have a drastic influence on incor-
poration of the surface glycoprotein F. which led to a 
decreased infectivity (Peeples and 8raU, 1984). With 
regard to attenuation of rabies virus changes in the ma-
trix protein may play an important role. It is conceivable 
that the conformation of the envelope glycoprotein is 
modified by its interaction with an altered matrix pro-
tein. Mutations in the M gene also contribute 10 the 
establishment of measles virus persistence, resulting 
in human subacute sclerosing panencephalitis (Catta-
neo er 81., 1986. 1988). It will be important to investi-
gate the functions of rabies virus M protein. especia lly 
its interactions w ith both thp. glycoprotein and the nu-
eleocapsid. 
(d) G gene. The tran~membrane glycoprotein G 
which represents the major surface antigen of the vi-
rus, organized in peplomers on the membrane surlace, 
is encoded by an ORF of 1575 nucleotides (524 amino 
acids, including the signal sp.quence) likp. all glycopro-
teins of rabies virus strains anatyzed so far (Tordo et 
81. , 1986b; Anitionis er 81., 198 1; Yelverton et al., 1983; 
Prehaud er 81., '988). The overall amino acid homolo-
gies of these glycoproteins range fram 88.2% (SAD 
819/CVS) 10 99.4% (SAD 819/ERA). The closely re-
lated ERA and SAD 81 9 proteins show 3 amino acid 
replacements. The PV glycoprotein differs from the 
ERA and SAD 819 proteins by 16 and 19 amino acid 
exehanges (97.0 and 96.4% homology, respeclively). 
The mature glycoprotein of rabies virus and also VSV 
consists of an ectodomain or" antigenie domain" pres-
ent on the surlace of the virion, a transmembrane do-
main, and a cytoplasmic doma;n located within thevirat 
envelope (Fig. 3). The deduced signal sequences (aa 
- 1910 - l)of 1he SAD 8 19 , ERA, and PV glyeoproleins 
are identieat and show four amino acid replacements 
compared to CVS. Interestingly, the transmembrane 
area (aa 440 10 461) and the eytoplasmie region (aa 
462 to 505) are weil eonserved in the SAD B 19, ERA. 
and PV strains with one and two replacements. respec-
tively, whereas the CVS sequence of these domains 
diverges extremely trom that of SAD 81 9 or PV (63.6% 
homologywith SAD B19 and ERA and 62.1% with PV). 
The eetodomain (aa 1- 439) of the SAD 81 9 protein 
shows 16 differences to that of the PV prote;n, The 
most divergent region of the ectodomain lies elose to 
the transmembrane segment w;th six exchanges 10-
cated between aa 388 and 428. 
Three of the four potential N-glycosylation sites of 
the PV ectodomain are conserved in the SAD 819 and 
also in the ERA strain (37, 247, 3 19). The glycosylation 
site at residue 1 58 of the PV protein may be specific 
for this strain. since both SAD 819 and ERA lack this 
potential gtycosylation site. 
The deduced SAD 819 and ERA glycoproteins differ 
only in residues 56 (VaVMel), 242 (Ser/Ala), and 256 
(LyslGln) , respect ively. The biological differences of 
these strains, especiallythe enhanced pathogenicity of 
the ERA strain, might indicate a biological significance 
of one (or more) of these Ihree amino acid replace-
ments in the glycoprotein ectodomain. which is the 
major site for viruslcell interaction. While Ihe Val at po-
sition 56 is shared by SAD B 19 and CVS the residues 
242 (Ser) and 256 (Lys) are specifie for SAD 8 19 and 
are conserved in the other strains (Ala and Gin, respec-
tively). These two replacements are located elose to a 
putative N-glycosylation sile (247) which is likely to be 
glycosylated in the ERA strain (Wunner et 81., 1985). 
The exchanges in the SAD B 1 9 glycoprotein might in-
fluence the tocal conformation of the protein and 
thereby modify the glycosytation of th is site . This prop-
osition is supponed by the finding that in a CVS-11 mu-
tant with 0:'1 sing le amino acid replacement located 6 
residues upstream of a glycosylation sil e only com-
pletely glycosylated proteins (i.e .. proteins with two gly-
cosylated sites. GI) are found. while in the parent slrain 
twn glycoprntein fnrms are present (GU with only one 
site, GI with two sites glycosylated; Wunner er 81 .• 
1985). Comparative eXpP.riments on the glycnsylo:'l tion 
of the SAD 8 19 and ERA proteins are necessary to ver-
ity this hypothesis. 
The exchange of a single amino acid in the antigenic 
site 111 (aa 330 to 357) of fixed strains of rabies virus 
glycoprotein may have significant effects on its biologi-
cal behavior. 8y the replacement of Arg (333) with lIe. 
Glu, or Gin the interaction of the virus with specific neu-
ronal cells is impaired and a significant loss of pathoge-
nicily was observed (Dietzschold er al., 1983; Seil eC 
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FIG. 3. Comparison 01 gtycoprotein scquences 01 dilferent rabies virus strains. For the ERA (Anilionis er 8/., 1981), PV (Tordo er s/., 1986b). 
and CVS slrain (yelverton er 81., 1983) only difterences 10 Ihe SAD 919 slrain are stlown. Homologies 10 lhe SAD B19 prolein are indicaled al 
Ihe end 01 tne seQuences. Potential N·glycosy1ation sites are boxed and lhe leueine zipper-like motif is indicated by asterisks. 
81" 1985: Kucera er 81., 1985). The SAD 819 and lhe 
ERA strain have identical antigenic sites 11 1. Compared 
to CVS and PV, however, there is one amino acid re-
placement at position 339 (Leu in ERA and SAD B 19 
and lIe in CVS and PV). 801h PV and CVS are highly 
pathogenic strains. Whether the conservative replace-
ment of lIe to Leu at this distinguished 5ite may have 
a significant influence on the pathogenicity degree of 
rabies virus cannot be determined at the moment. 
As shown by revertants, single amino acid substitu-
tions in regions other than known antigenic sites can 
influence the biological behavior of rabies virus. Re-
placement of Leu (132) in the CVS strain by Phe results 
in temperature sensitivity and avirulence (Prehaud ec 
al., t 989). Whether the differences in the pathogenicity 
of ERA and SAD B 19 which possess an identical anti-
genie site 111 and an Arg at posit ion 333 are caused by 
one or more of such amino acid replacements remains 
to be investigated. 
Sequences resembling a leucine zipper motif which 
is found in Fos and Jun transforming proteins (Land-
schulz ec al., 1988) and also in the fusion proteins (F) 
of paramyxoviruses (Buckrand and Wild, 1989) are 
found in the glycoproteins of rabies virus. In the F pro-
teins of paramyxoviruses these motits are situated 
elose to the trans membrane areas (4 to 11" aa up-
stream) and are assumed to mediate oligomerization of 
'hose proleins (8uckland and Wild, 1989). In 'he SAD 
B 19 glycoprotein seQuence a stretch of three heptadic 
leueine repeats is found 45 residues upstream of the 
transmembrane area. Thls region shows besides the 
conserved Leu residues a stretch of six amino acids 
which are identieal in the measles virus F protein leu-
eine zipper (Fig. 3). In the glycoprotein of VSV Indiana 
(Rose and Gallione, 1981) also a leueine zipper-like mo-
tit containing three heptadic Leu residues is found 
about 10 amino acids upstream of the transmembrane 
region. The location of these motifs in all cases next 
to the transmembrane area and the lack of heptadic 
repeats of more than two Leu in other parts of the pro-
teins might suggest a functional significance in 
peplomer formation. 
(e) L gene. The coding region of the L gene of SAD 
B 19 comprises 6348 bases and thus predicts a protein 
of 2127 amino acids. Surprisingly the deduced PV L 
protein (Tordo er al., 1988) is 15 amino acids langer 
than that of the SAD B 19. Instead of the stoD codan 
TGA at position 11,795 of the SAD 819 genome the 
PV RNA encodes Gys by Ihe codon TGG. In order 10 
exclude the possibility of a cloning artifact in clone 
pSAD851wo additional cDNA clones spanning the cor-
responding region were seQuenced and the TGA was 
verified. In addition we sequenced genomic RNA of the 
SAD B 19 and ar~o the ERA strain using the primer 01 
19. 80th in SAD B 19 and also in ERA the existence of 
the stap codan at position 11 ,795 was con firmeä The 
resulting 3' nontranslated sequence (trailer) of the L 
mRNA bOlh in ERA and SAD B 19 (100'*' homology) is 
61 bases 10ng (including the pOlyadenylation signal) in 
contrast to the extremely short trailer of the PV L mRNA 
which consists of anly 16 nucleotides. 
The amino acid homology of the SAD BI 9 and PV L 
pro teins is 98.6% (29 replacements in 2127 residues, 
not considered the predicted 15 additional amino acids 
of the PV protein). The L protein of rhabdoviruses is a 
multifunetional enzyme whieh is responsible for at least 
polymerization, capping, and polyadenylation of viral 
RNAs (8anerjee. 1987). The multiple. most probably in-
dependent funetional domains of the protein have not 
been characterized yet. SeQuence stretches which 
show homologies to the VSV and paramyxovira l L pro-
teins and which are assumed to represent consefVed 
catalytic sites have been identified mainly in the central 
pans of 1he moleeule ITordo et 81 .. 1988). II is probable. 
however. that a loss or an addition of 15 amino acids 
also 9t the carboxy terminus of this highly conserved 
protein may have biological effects. Nucleotide and 
protein seQuence information from additional strains 
and comparative experiments will be needed for the 
determination of a rabies consensus L carboxy end and 
its function . 
3. Noncoding sequenees: (a) RNA termini. The se· 
quence of the genomic 3' end, which is transcribed to 
the nontranslated positive 55- to 58-base-long leader 
RNA in rabies virus (Kurilla er al., 1984), is identical up 
to position 34 to that of PV. The first 11 nucleotides of 
the 3' end of the genome are precisely complementary 
to the 5' terminal nucleotides as it was found in PV. 
The 5' ends of the two rabies virus genomes are highty 
conserved, the last 46 nucleotides are also identical; 
between these and the putative polyadenylation site of 
the L gene (see above) only 3 nucleotide exchanges 
are found. The highty consefVed structure of the term i-
nal nueleotides demonstrate their significance in the 
putative function of providing the recognition and initia-
tion site for the vi ral polymerase complex. 
(b) Consensus sequences and intergenie regions. 
The five protein coding sequences are flanked by eon· 
served seQuence motifs. supposed to represent tran-
scriptional start and stop/polyadenylation signals 
(Tordo er al., 1986b. 1988). Figure 4 shows a compari· 
son of these seQuences with those of the PV strain . A 
striking difference is found in the stop/polyadenylation 
signal of the glycoprotein mRNA. Compared to PV the 
SAD B 19 genome shows adeletion of three A resi-
dues. The resulting motit TG(A)s. however, is also 
found in eoding regions of the N. M. and L genes (posi-
tions 177, 25 18, and 7117. respectively) and thus we 
hypothesized that this motit may not funetion as a tran-
scriptional stop and polyadenylation signal. This theory 
was confirmed by experiments which showed that 
transcription of the G mRNA is terminated at the 
pseudogene stop signal AG(Ah (position 5351) and not 
at the modified G "stop/polyadenylation signal" (un· 
published results). Thus the pseudogene of SAD B t 9 
does not represent a large intergenic region but a tran-
scribed PClrt of the elongated G cistron. Thc rcsu lting 
intergenic region between the G and L cist rons is 24 
nucleotides long and starts with a C residue, as da eil 
intergenic regions of rhabdoviruses. 
In Ihe PV strain and also in the ERA strain the 
pseudogene is transcribed, too. (Tordo. personal com-
munication; unpublished results) . The stop signals of 
the PV and ERA G genes possess 8 A residues in con-
trast to the consensus sequence TG(Ah. This differ-
ence probably causes a partial transcription termina· 
tion resulting in Iwo polyadenylated G mRNAs of 1.7 
and 2.3 kb length, the shorter containing only the G-. 
the other cOlltaining the G- and the pseudogene 
(Tordo, personal communication; unpublished results). 
An addition of A residues apparently affeets the effi-
cieney of the SIOP signal and for penecl signal function 
a stretch of exactty 7 A residues may be required. 
A rabies virus strain transcribing only the smal1 G 
mRNA has not been found so taro This 'Inding indlcates 
a selective pressure to delete the stop signal down-
stream the G coding reg ion and to transcribe the 
pseudogene to form a fused Glpseudogene mRNA in 
rabies virus. This might be a step forward to reduce 
intergene sequences to an essential minimum similar 
to VSV and Sendai virus where each intergenie region 
consists of 2 or 1 nucleotide respectively (Rose. 1980: 
Gupta and Kingsbury, 1984). A close dlstance tram 
stop to start signal is apparently more favorable for 
transcription initiation by the viral RNA-dependem RNA 
polymerase. It is not clear yet whether the enzyme 
scans the nontranscribed large GlL intergenic region in 
rabies viruses with an intact G stop signal to the L start 
signal or whether reinitiation occurs al the L start site. 
80th in PV and SAD 819 the functional stop/polyade-
nylation signal of the pseudogene is different by one 
nucleotide fram the consensus signal TG(Ah and reads 
AG(Ah . Thus a less stringent consensus sequence T/K 
G(Ah followed by an intergenie seQuence beginning 
with C (positive strand) can account for termination 01 
transcript ion and polyadenylation. 
The intergenie regions. transcnptional stop and start 
SAO 3' I N: ••• •• ~GCAAAAATG 
PV 3'/N: •. . .• C GCAAAAATG 
SAO N/NS: TM .... CATCAAAJ.J,.M CT 
PV tUNS: TAA •• • • CATGAAAAAAA CT 
SAD NS' ": TAA •••• CATCAllA.l' <ACCC 
PV NS/ ": TM •••• CATCAMAAAA CAGeC 
SAD "/GI TM •••• TCTCAAAMM CTATT 











~ ..• ,'l"l'TG~ CCTC!:CTTCAATAGTCC ••••• 
~ .. . . TTTG~ CCTCCC'TTCAATAGTCC ••••• 
SAD C+T/L: •• ••••• CGAC.uUU 
PV G+T/L: ••••••• CGAGA'u." 
CATrAGATCAGAAGAACAACTGGC AACACTTCTC~CTGAGAcffl., • • •• ATG 
CAGrAGATCACAAGAACAACTGGC AACAC'rrCTC~CTGAGActt •••••• ATG 
SAD L/S': 
PV L/5': 
• mGUAUU CAAGATcijrMA • • , 
• -t!fr'rGAAAAAAA CAAGATct!FMA., . 
CONSENSUS: AACAYYNCT 
FIG. 4. Comparison of lhe SAD B19 and PlI Iranscriplional slart and sloplpoiyadenylatioo signals and intergenic regions. Oifferences in lhe 
nucleotide sequenees are boxed. '+ - pseudogene. 
signals 01 the N. NS. M. and the stop signal 01 the L 
gene are identieal in SAO B 19 and PV and the non-
translated sequences of the genes show homologies 
in the range of 91.7 to 100%. The pseudogene se· 
quences are also weil conserved (97.4%). This is con· 
sistent with the finding of an extremely high nucleotide 
homology in the protein coding regions of the genome 
by the usage of identieal codons and a rare use of wob· 
ble cedons to specify an amino acid. Actually the nu· 
cleotide homology mostly exceeds the amino acid ho· 
mology (NS 98.6/97.3. M 96.1/90.6. G 98.2196.4. and 
L 99.0/98.6: % nucleotidelamino acid homology. re· 
spectively). The only exception is the N gene (99.0% 
nucleotide and 99.1 % amino acid homology). This high 
pressure on the primary structure of the complete viral 
RNA suggests its functional role, for example, to pro· 
vide a favorable template tor binding the viral nucleo-
capsid proteins andlor for optimal transcription and 
replication. 
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